Abstract-Measuring hillslope erosion has historically been a costly, time-consuming practice. An easy to install low-cost technique using silt fences (geotextile fabric) and tipping bucket rain gauges to measure onsite hillslope erosion was developed and tested. Equipment requirements, installation procedures, statistical design, and analysis methods for measuring hillslope erosion are discussed. The use of silt fences is versatile; various plot sizes can be used to measure hillslope erosion in different settings and to determine effectiveness of various treatments or practices. Silt fences are installed by making a sediment trap facing upslope such that runoff cannot go around the ends of the silt fence. The silt fence is folded to form a pocket for the sediment to settle on and reduce the possibility of sediment undermining the silt fence. Cleaning out and weighing the accumulated sediment in the field can be accomplished with a portable hanging or platform scale at various time intervals depending on the necessary degree of detail in the measurement of erosion (that is, after every storm, quarterly, or seasonally). Silt fences combined with a tipping bucket rain gauge provide an easy, low-cost method to quantify precipitation/hillslope erosion relationships. Trap efficiency of the silt fences are greater that 90 percent efficient, thus making them suitable to estimate hillslope erosion.
Introduction
Soil erosion is a major land management issue due to stringent regulations on water quality and efforts to reduce the impact of various activities on sedimentation. Surface erosion is the movement of individual soil particles by a force, either by uniform removal of material from the soil surface (sheet erosion) or by concentrated removal of material in the downslope direction (rill erosion) (Foster 1982) . Forces required to initiate and sustain the movement of soil particles can be from many sources, such as raindrop impact, overland flow, gravity, wind, and animal activity. Erosion is a natural process; however, human or natural disturbances on the landscape generally increase surface erosion over natural levels. Erosion is reduced by all material on or above the soil surface, such as naturally occurring vegetation, surface litter, duff, rocks, and synthetic materials such as erosion mats, mulches, and other barriers that reduce the impact of the applied forces (McNabb and Swanson 1990; Megahan and others 1986) .
Erosion modeling techniques have been developed to predict erosion following common disturbances. Some of these models are not receiving widespread use probably because they were not developed or validated for a particular condition or treatment of interest. Therefore, many government agencies, farmers, industries, and consultants need an easy method to measure hillslope erosion to validate model results as well as need local information from their particular conditions.
Soil erosion measuring techniques can be costly and time consuming. Various techniques have been used including rainfall simulation, erosion bridges, Gerlach troughs, and small watershed measurement techniques. Dissmeyer (1982) developed a protocol to measure hillslope erosion with silt fences. His techniques have been utilized and improved upon in this document. Less expensive data recording equipment (such as, continuous recording tipping bucket rain gauges) has made it easier for land managers to obtain their own erosion rate data as well as information on the type of storms that caused the erosion. This information can be used for completing environmental assessment documentation.
Silt fences have been used to control surface erosion in the construction industry for several decades. Also, silt fences have been used for instream sediment control (Trow Consulting Engineers Ltd. 1996) . A silt fence is a synthetic geotextile fabric that is woven to provide structural integrity (tensile strength 80 to 100 lb, 0.3 to 0.4 kN) with small openings (0.01 to 0.03 inch, 0.3 to 0.8 mm) that pass water but not sediment. Silt fences have low permeability rates, which make them suitable to form temporary detention storage areas allowing sediment to settle and water to pass through slowly.
Hydraulic performance of silt fences has been measured by several researchers using flume studies others 2000, 2001; Jiang and others 1996) . They concluded that the maximum flow rate through silt fences is a function of the head and is generally small (0.01 to 0.46 ft 3 sec -1 or 0.00028 to 0.013 m 3 sec -1 ). Flume studies have shown silt fence trap efficiencies ranging from 68 to 98 percent others 2000, 2001; Wishowski and others 1998; Wyant 1980) . A field study of silt fence trap efficiency on an existing longterm hillslope erosion plot at the Agricultural Research Service Palouse Conservation Field Station in Washington with a Palouse silt loam soil indicated trap efficiency was 93 percent the first year when measured on a storm-by-storm basis and 92 percent efficient the second year when only measured at the end of the runoff season (Robichaud and others 2001) (tables 1 and 2) . This paper describes how erosion measurements can be made with silt fences. Installation procedures, statistical design, analysis methods, and equipment requirements are discussed. Silt fences can be used to compare erosion effects of silvicultural treatments, farming practices, grazing systems, road or skid trail erosion, vegetative or mechanical rehabilitation treatments, prescribed fires, and wildfires, as well as compare rates of naturally occurring erosion.
Silt Fences: An Economical Technique for Measuring Hillslope Soil Erosion
Peter R. Robichaud Robert E. Brown Table 1 -First-year winter runoff and sediment data from a fallow agricultural plot with a silt fence. The silt fences were cleaned after each runoff event (Robichaud and others 2001) . Table 2 -Second-year winter runoff and sediment data from a fallow agricultural plot with a silt fence. The silt fences were only cleaned at the end of the runoff season (Robichaud and others 2001) . 
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Site Selection
Silt fences work best when they are located on uniform slopes with minimal obstructions. The plots are located to collect a defined contributing area by natural features (break in slope, rock outcrop, and so forth) or introduced features such as a cross-felled log, roadway, or hand-dug trench. Properly installed silt fences will withstand creeping snow during the winter months. They can be on slopes ranging from 3 to 70 percent (2 to 35∞). Study sites should be accessible so they can be easily maintained. Materials can be carried by ATVs, pack animals, vehicles, or backpack. Some of the locations where we have used silt fences receive more than 10 ft (3 m) of snow on a 60+ percent (31∞) slope and have held up well for collecting sediment associated with snowmelt events.
Defining Contributing Areas to Silt Fence
Silt fences should only be used to determine natural or management-induced hillslope erosion rates. Silt fences are not designed to measure erosion rates in continuous flows such as first-order streams. The contributing area into a silt fence needs to be designed so it does not overwhelm or overtop the silt fence. The size of the contributing area varies depending on expected flow and sediment yield. It is sometimes difficult to determine the extent of the contributing area to a particular silt fence. Therefore, a boundary at the top of the plot is often needed. Typically, silt fences are between 10 and 50 ft (3 and 15 m) across the hillslope, and plot lengths upslope are 16 to 200 ft (5 to 61 m). Contributing areas vary from 160 to 10,000 ft 2 (15 to 930 m 2 ). Carpenter (1999) suggests contributing areas should not exceed 21,000 ft 2 (1950 m 2 ) for any application (such as construction sites) of silt fences. If the contributing area is large, a second silt fence located below the first silt fence may be used to trap any sediment that overflows the first silt fence. Typical plot layouts are provided in figure1. Appendix A provides calculated storage volume for various slopes, slope lengths, and silt fence width combinations. This can be helpful in determining silt fence size. Defining the contributing area allows for converting the amount of collected sediment to sediment volume-per-unit area (ft 3 ac -1 or m 3 ha -1 ) or weight-per-unit area (t ac -1 or t ha -1 ). When possible, use naturally occurring slope breaks or swales that define the area contributing to the silt fence installation. These can include insloped roads, rock outcrops, and ridgelines. In some cases, slightly convex heeled-in logs placed above the monitored area have been sufficient ( fig. 1 ). There may be additional flow into the silt fence through, for example, snow bridging that is almost impossible to measure or prevent.
Some researchers measure hillslope erosion without a defined area. They measure the amount of erosion that would pass a particular location on the hillslope-that is, volume of sediment per unit width (ft 3 ft -1 or m 3 m -1 ) or weight per unit width (t ft -1 or t m -1 ). These measurements are used when reporting a sediment flux on a hillslope.
Silt Fence Plot Installation
Specifications for suitable silt fences are provided in appendix B. Silt fence fabric can be purchased at building supply stores, regional distributors, and Webbased suppliers (see appendix C).
The silt fences are installed at the base of the plots ( fig. 1 ). Materials and tools needed for installations are provide in appendix D. A trench 6 by 10 inches (0.15 by 0.25 m) deep is dug along the contour with the ends of the trough gently curving uphill to prevent runoff from circumventing the silt fence ( fig. 2) . The trench can be dug with hand tools such as a Pulaski or a narrow blade shovel. The excavated material is placed on the downhill side of the trench for later use in backfilling. The silt fence is laid out along the trench covering the bottom and uphill side of the trench ( fig. 2 ). The excavated soil is now used to backfill the trench.
Tamping the soil along the entire length of the silt fence is necessary to compact the soil against the silt fence, thus preventing the silt fence from being pulled out by the flowing water. Fold the silt fence downslope 6 to 12 inches (0.15 to 0.3 m) over the compacted soil to form a pocket for sediment storage.
Install wooden stakes or alternatively #3 re-bars or metal fence stakes such that 18 to 30 inches (0.46 to 0.76 m) of the silt fence will be against the upright stake so it can be fastened securely. The stakes should be driven at least 12 inches (0.3 m) deep and should be spaced 3 to 5 ft (0.9 to 1.5 m) apart. If the silt fence has sewn-in loops for wooden stakes, additional stakes can be located between them. The silt fence can be attached to the stake with 0.5 inch (13 mm) staples through a protective strip of asphalt paper 2 inches (50 mm) wide by the length of the exposed stake to reduce tearing or by using roofing/siding insulation nails with plastic washers ( fig. 2 ). Staples should be placed diagonally covering multiple horizontal fabric strands to minimize tearing. Alternatively, wire or plastic zip ties can be used. They should also straddle multiple strands. Caution should be urged when using this connection method to prevent large gaps and tears. If gaps or tears occur, attach a patch of fabric over the problem area and seal with construction adhesive or silicon. Staples or notches cut into the wooden stakes prevent the ties from slipping downward. Additional stakes can be added to reinforce and stabilize the silt fence especially in suspect locations. If high snow loads are expected, cross-braces between the vertical stakes can be used.
Remove any remaining loose soil on the uphill side of the silt fence and in the pocket that was formed and smooth out the existing soil. This will ensure that the existing soil surface is easily identifiable when cleaning the trapped sediment. Construction or plumber chalk is often used on the compact soil above the silt fence to aid in defining the boundary between the native ground surface and the deposited sediment. Red chalk sprinkled over the potential deposit area so that the ground surface appears red has shown the best results for most soil types.
Cleanout, Maintenance, and Schedule
Periodic cleanout of the silt fences is required to obtain reliable measurements of erosion. Depending on the need for accuracy, one can clean out silt fences after each storm, monthly, or twice a year. Cleaning the silt fences following every storm improves the prediction accuracy of the storms that produce erosion.
Noticeable degradation of the fabric from sunlight in harsh environments can occur after 2 or 3 years. These erosion measuring structures are temporary and can only be expected to perform properly for a maximum of 3 to 5 years depending on weather conditions. After numerous trials of different sediment measurement techniques, including accumulation survey methods and sediment bulk density measurements, we have concluded that the direct measurement of the total weight of the sediment is the most accurate (see appendix D for materials and tools needed for cleanout). The sediment is weighed and recorded in the field using a plastic bucket (5 gal, 19 l). A sample data collection sheet is in appendix E. A hoe or hand trowel is used to scrape the deposited sediment into the container, discarding large sticks, cones, and other organic debris. Care must be used when cleaning the silt fence pocket to not tear or puncture the fabric. Also, careful scraping is needed to prevent removing native soil. Dig down to the colored soil, if chalk was used at installation or during last cleanout. Place the sediment into the container and weigh in the field with a hanging or platform parcel scale (scale with 0.5 or 1 lb, 0.2 to 0.4 kg) increments with a maximum capacity of 80 to 100 lb (36 to 45 kg). Weigh each bucket and place a subsample (0.1 lb, 50 g) into a soil tin or recloseable plastic bag for water content determination in the office or laboratory. The remaining material can be discarded downhill of the silt fence study area. Use a hand brush or broom to clean all sediment from the silt fence pocket.
The water content of the sediment needs to be subtracted from the field-collected sediment weight to obtain the corrected dry weight. Back at the office or laboratory, preferably on the same day, record wet weights of the subsample using a scale with an accuracy of tenths of grams or one-hundredths of ounces (laboratory scale or a postal scale). The subsamples can then be dried in an oven at 221 ∞F (105 ∞C) for 24 hours. Weigh the dry subsample and calculate gravimetric water content as shown in appendix F. If additional nutrient, organic matter, or particle size information on the sediment is desired, take additional subsamples for later processing.
Additional Data Collection Precipitation Measurements
Precipitation collection methods can vary from expensive to low cost. Only low-cost methods will be discussed in this paper. A tipping bucket rain gauge provides information on the rainfall intensity and amount ( fig. 3) . A storage-type rain gauge provides cumulative precipitation only. For snow zone application, an antifreeze-filled siphon attachment can be added to the top of a tipping bucket rain gauge. Antifreeze can also be added to the storage-type rain gauge. The antifreeze will melt the snow and provide the snow water equivalent. Windscreens or windshields are appropriate for open areas to aid in an accurate catch of precipitation. In forested areas they are generally not needed because the horizontal wind component is subdued due to standing timber. Rain gauges are installed near the silt fence erosion plots (less than 500 ft, 160 m away) so they will be above estimated winter snowpack depth and not directly under tree canopy.
Tipping bucket rain gauges with a data pod (data logger) became available in 2001 for under $300 and provide excellent records of the rainfall intensity, event amount, and time of the event ( fig. 3 ). Commercial software included with the rain gauge makes downloading and displaying this information easy. Tipping bucket rain gauges are usually installed on a stump, metal pole (1 inch, 2.5 cm diameter), wooden post (4 by 4 inches, 10 by 10 cm), or a polyvinyl chloride (PVC) pipe (4 inches, 10 cm diameter) standing on end with a metal platform on top on which to install the rain gauge. The other end is buried in the ground at least 2 ft (0.6 m).
Storage-type rain gauges are installed similarly to tipping bucket rain gauges. Alternatively, a section of 4 to 8 inches (10 to 20 cm) diameter PVC pipe, edge sharpened on one end and capped on the other, can be a low-cost storage rain gauge ( fig. 4 ). The PVC pipe needs to be at least 2 ft (0.6 m) longer than predicted snow depth, and a PVC cap glued in place on the bottom needs to be water tight. PVC pipe can be attached vertically to a stump or a set post. Either type of storage gauge should be filled about one-third full with a 50:50 mix of nontoxic, recreational vehicle (RV) type antifreeze and a thin skin ( 1 ⁄8 inch, 3 mm) of mineral oil placed on the surface to reduce evaporation losses. Amounts of antifreeze will vary depending on predicted precipitation amounts and expected low temperatures. Depth changes from the top of the rain gauge to the surface of the fluid provide the precipitation amounts. Intervals of measurement can vary depending on the application but should be at least semiannual and perhaps as frequently as each storm event.
Tipping bucket rain gauge data can be summarized by counting the number of tips (rainfall depth) for various time intervals. Typical intervals include 5, 10, 30, and 60 minutes of maximum rainfall intensity during a given rainfall event. This information can be obtained by counting the maximum number of tips for that time interval (see example in appendix G). Most tipping bucket rain gauge software provides a time stamp with the number of tips occurring during that interval (for example, five tips in 1 minute, three tips for the next 1-minute interval, seven tips for the next 1-minute interval, two tips for the next 1-minute interval, and three for the next 1-minute interval for a total of 20 tips in 5-minute interval). The maximum intensity is calculated by adding the number of tips for the desired interval converting the tips to depth of rainfall (inches or mm).
Ground Cover Measurements
Exposed bare soil on the hillslope is the most important soil factor affecting erosion rates. It is important to measure bare soil exposed or conversely ground cover, especially if the study is addressing vegetation recovery or seeding effectiveness. Bare soil exposed and ground cover can be measured with various techniques. Chambers and Brown (1983) described these techniques in detail. Ocular measurements are estimated directly or divided into percentage classes (0 to 15, 15 to 30, 30 to 50, 50 to 70, 70 to 90, greater than 90 percent) of the area of interest, such as 1/100 th acre (0.004 ha) subplots.
Gridded metal or wooden frames are used for the point-quadrant method. They usually have intersecting lines (string or twine) at 4 to 6 inches (10 to 15 cm) intervals for a 10 ft 2 (1 m 2 ) area (thus, for a 4 by 4 inch grid in a 3 by 3 ft frame, there are 64 intersecting lines excluding the frame). The frame is randomly located (three to seven times) within the contributing area of interest. The corners of the frame can be marked with wood stakes or re-bar so the frame can be placed in the same location during subsequent measurements. Alternatively, the line-intercept method can be used. However, this technique is generally used for larger areas. Typical ground cover classes include bare soil, litter, duff, gravel, rock, live vegetation, stumps, and logs.
Data Analysis and Interpretation: Statistical Design
Achieving a sound statistical design for silt fence erosion plots is difficult due to high variability. Nearing and others (1999) concluded that variability in erosion plot data increases as the magnitude of the soil loss increases. Thus, a few large events make comparison between treatments difficult.
The number of replications needed to detect significant differences in treatment effects depends on several factors, including the inherent variability of the site; natural variability (that is, microtopography, microscale burn severity differences, root holes, soil texture, rock content, and so forth); the allowable type I error (usually a = 0.05 or a = 0.10); the probability of accepting a false hypothesis, known as power of the test and denoted by 1 -b; the magnitude of differences to be detected; and the distribution of the data (normal distribution). Most common analyses begin by assuming normally distributed data. For silt fence erosion data, this is generally not a reasonable assumption for two reasons: first the data are often highly skewed to the right (a few large events); secondly, there may be many zeroes (rain events that did not produce any sediment). Such departures from normality suggest log transformation of the data before analysis. Alternatively, nonparametric procedures, for nonnormal data distributions, may be more appropriate for testing the equality of medians (middle value of the data), rather than the more usual t-test or analysis of variance for means, (see appendix H).
If there are few zeros, departures from normality may be helped by log transformation of the data before analysis. A better choice may be nonparametric procedures, more appropriate for testing the equality of median (middle value of the data), rather than more familiar t-test or analysis of variance of means. An easily implemented nonparametric analysis for silt fence erosion data is the Kruskal-Wallis rank sum test (equivalent to a one-way analysis of variance on the ranks of the original data) (Ott 1988; Walpole and Myers 1985) . This tests the equality of medians for several treatments.
Most erosion scientists use five to seven replications for erosion plot studies. Nearing and others (1999) suggest comparing only treatments that will have large differences in soil loss because small differences would require too many replications to be practical. They suggest five replications per treatment as a minimum. If comparing two treatments, then nine replications per treatment would be needed. The number of replications is based on the expected magnitudes of the mean differences between treatments as well as the underlying variability (measured by the variance) for the particular sites, soils, and treatments under consideration.
We have developed suggestions for various scenarios that may be of interest assuming similar landscape, soils, elevation, slope, and topography. Generally, silt fences will be monitored for 2 to 3 years, thus changes in erosion rates over time can also be detected.
Scenario 1-Timber Harvesting Effects: To determine erosion amounts for various activities within a timber sales unit, identify the various activities (treatments) that occur within the sale boundary. These could include log-landing areas, haul road, repeatedly used skid trail, few pass skid trail, and control (undisturbed) areas. One would need to reduce the number of treatments to two and a control to be able to make a reasonable statistical design. For example, nine silt fences on the haul road; nine silt fences on the repeatedly used skid trail, and the remaining nine silt fences for the control. The total of 27 silt fences would be monitored for 3 years.
Scenario 2-Testing Seeding Mixes Post Wildfire: To determine erosion rates for two seeding mixes (seed mix A and seed mix B) and a control (no seeding) after a wildfire. In this scenario, ground cover would also need to be measured (described in the "Additional Data Collection" section). Thus, nine replications of each treatment would be needed. The total of 27 silt fences would be monitored for 3 years.
Scenario 3-Comparing Prescribed Fire or Wildfire Erosion Rates: To determine erosion amounts from a prescribe fire or wildfire and a control (no fire). Thus, five replications of each treatment would be needed. This total of 10 silt fences would be monitored for 2 years.
Silt fence data can be organized and analyzed using a computer spreadsheet (appendix F). Calculate the sediment amounts for each collection period and convert to weight per area. Determine rainfall amounts and rainfall intensity for that collection period. Compare sediment yields with rainfall amounts and/or intensity, remembering that rainfall can vary over short distances. Variability in the data is to be expected; there are inherent variations in soils, below ground organic matter, and so forth, that can influence sediment output. That variability, combined with the effects of the treatment, can make interpreting the results challenging. If a statistically designed layout was used then it will be easier to develop and run a statistically valid analysis. Each collection period may be a "repeated measure" for the same silt fence during the study period.
Summary
Silt fences are an economical method to obtain hillslope erosion measurements. They can be installed with a small field crew and maintained at various time intervals, depending on the storm production accuracy of the information that is desired. When installed and maintained properly, they can trap and store sediment until it is cleaned out and measured. Erosion measurements from silt fences can be used to validate model estimates, demonstrate treatment or management practice effects, and compare seeding treatments on hillslope erosion. The following terms are used for silt fence specifications related to the trap efficiency (ASTM 1995 (ASTM , 1996 . Table B1 provides specifications for various silt fences. These silt fences should perform well for most soil conditions. Generally, lower permittivity valued silt fences will trap more sediment but water flow rates are also reduced.
Permittivity
Permittivity of geotextiles is a measurement of the amount of water per unit cross-sectional area per unit head that flows through the geotextile, without any extra force on the water (laminar flow conditions). It is an indicator of the quantity of water that can pass through a geotextile in an isolated condition. Because there are geotextiles of various thickness, evaluation in terms of the permeability can be misleading. It is more significant to evaluate the quantity of water that will flow through the material under a given head over a particular area; this is expressed as permittivity. The units of permittivity are sec -1 . This is derived from the formula for permittivity:
Where Q is the quantity of water flow through silt fence fabric (inch 3 , mm 3 ), h is the head of water on the silt fence (inch, mm), A is the cross-sectional area (inch 2 , mm 2 ), and t is the time for flow, Q, (sec).
Water Flow Rate
The Water Flow Rate of a geotextile is a measurement of the volume of water that will pass through the Appendix B-Common Silt Fence Specifications material per unit time per unit area. The units are (commonly) gal min -1 ft -2 (L min -1 m -2 ). Unlike permittivity, this value will be affected by thickness of the fabric and other factors such as apparent opening size (AOS).
Apparent Opening Size (AOS)
The AOS of a geotextile is a property that approximates the largest particle that will effectively pass through the fabric. It is figured by using the geotextile as a filter and sifting various (standardized) sizes of glass beads through the material. This is an important characteristic when designing silt fences because it is crucial that the AOS be small enough that it will hold back nearly all of the sediment, while at the same time not clog easily and allow water to pass through. The AOS is measured in a standard U.S. Sieve number (20 to 80) with 20 being a large opening and 80 being small. Data Logging Rain Gauge Model RG2 (English version) and RG2-M (metric version) are fully self-contained, battery-powered rainfall data collection and recording systems. They include a HOBO Event data logger integrated into a tipping-bucket rain gauge. The RG2 automatically records up to 80 inches (160 cm for the RG2-M) of rainfall data that can be used to determine rainfall rates, times, and duration. A time and date stamp is stored for each 0.01 inches (0.2 mm for the RG2-M) tip event for detailed analysis. Price: RainWise provides a large selection of rain gauges and data loggers that can be purchased as a single unit or bought separately then assembled. They are capable of recording 0.01 inch of rainfall as well as putting a time and date stamp at specified intervals during an event. Total System (rain gauge and built-in logger): Rain Logger Price: $295 (2002) A PC interface cable and necessary software is included with the Rain Logger and the information can easily be exported into a spreadsheet for graphing and other data analysis. Also, software is available for download from the RainWise Web site. Spectrum's Data Logging Rain Gauge provides high accuracy with a low-maintenance tipping bucket design. The logger records accumulated rainfall during each interval, maximum of 2.55 inches per interval. User selected intervals are 1, 5, 10, 15, 30, 60 , and 120 minutes. Logger capacity is 7,000 intervals.
Use with SpecWare 6 Software for analysis and reporting. WatchDog rain collectors and SpecWare Software can be programmed to record rainfall in either English (inches) or metric (mm) units. The rain gauge and data logger may also be purchased separately and assembled. (13 for the current example) is the index of the order statistic that will provide a 95 percent upper confidence interval for the 50th percentile. Finally, in cell L9 enter the formula "=INDEX(J4:J22,L8,1)," which returns a reference to a value from within the ordered sediment averages (J4 thru J22). For this example, an upper 95 percent confidence limit for the 50 th percentile or median is the 13 th smallest observation or the 13th order statistic. With this data set, there are two zeros in the ordered list; therefore, it will be the 12 th smallest observation or the 12 th order statistic, which is 0.128 t ha -1 .
Appendix E-Example of Field Data Sheet
Following similar steps for the other two groups indicates that we are 95 percent certain that the 50 th percentile (the median) is less than 0.133 t ha -1 for the Burn and Seed group and 0.093 t ha -1 for the Control group. To find upper confidence limits for other percentiles we need only change the 0.5 in cells L7, L26, and L45 to the desired proportion. For example, entering the formula "=2/3" in cell L7 indicates that we are 95 percent certain that at least 67 percent of the observations lie below 0.164 t ha -1 , the 15 th order statistic. Figure H1 shows the Excel spreadsheet containing the raw data, the averages, and the confidence limits discussed above. This spreadsheet may be downloaded from http://forest.moscowfsl.wsu.edu/engr/siltfence.
Many investigators want to test for a significant difference between groups. Again, the usual testing procedures may not be appropriate because silt fence sediment yield data are often highly skewed. A simple nonparametric alternative, the Friedman test (Conover 1971: 299) , is equivalent to performing a randomized complete block analysis of variance on the ranks of the averages of silt fences (Conover and Iman 1981) . This analysis is accomplished by the following steps: 1. Using data from Original Sediment Yield Data sheet, copy columns containing dates, groups and averages (columns A, C, and I) to another page (sheet 2, Rank Analysis of Sediment Yield) of the spreadsheet ( fig. H2-columns A, B , and C). 2. Highlight cells A1:C58 and press DATA SORT, sort by "Average" and then press "OK" button on the SORT menu window. This sorts the average values from smallest to largest. 3. Ranks of averages are computed by entering the formula "=RANK(C2,$C$2:$C:58)" into cell D2. This formula is then copied into cells D2:D58. 4. Unfortunately Excel does not handle tied observations correctly. There are 12 zeroes that are the 12 smallest observations in the data set. Excel gives each a rank of 1 that need to be replaced with the average of ranks 1 through 12 which is 6.5. There are four 0.1 averages that are replaced with the average of their ranks, (30+31+32+33)/4 = 31.5. The two ranks of 40 are replaced with 40.5, likewise the two 46s are replaced with 46.5. Replacing the two ranks of 52 with 52.5 completes the correct ranking of the data. 5. Copy the columns "Date," "Group," "Averages," and "Ranks" (A1:D58) to cell F1 by pasting the values using EDIT/PASTE SPECIAL checking "Values." 6. Now the corrected ranks have to be sorted into the original order. Highlight cells F1:I58, press DATA SORT, sort by "Group" then "Date" then press the "OK" button on the SORT menu window. This sorts by date for each group. 7. Now build a table for analysis. Label cells K1 "Date," L1 "Burn," M1 "Burn and Seed," and N1 "Control." Copy cells I2:I20 then paste to cell L2, copy cells I21:I39 then paste to cell M2, copy cells I40:I58 then paste to cell N2 to complete the table for analysis. 8. Now the built-in function "Anova: Two-Factor Without Replication" is applied to the ranks by clicking TOOLS/DATA ANALYSIS and selecting the "Anova: Two-Factor Without Replication" from the menu. The block K1:N20 is selected for the "Input Range" and cell K22 is selected as the beginning of the output range, the "Labels" box is checked and "Alpha" is set to 0.05, press "OK" (fig. H3 ). Then block K22:P56 will contain the output. Figure H2 displays the output. The p-value for testing the equality of columns (groups Burn, Burn and Seed, Control) is 4.25E-05 (cell P53), which is highly significant. This indicates there is a difference by group. A p-value smaller than 0.05, generally, is considered significant. By inspection, the average rank of the control group is 20.1 (cell N47), while the average ranks of the two burned groups are 32.6 (cell N45) and 34.3 (cell N46) respectively.
To determine which groups are different, label cell J58 "LSD" and perform a Least Significant Difference (LSD) test of the ranks. This is computed in cell K58 by entering the formula "=TINV(0.05,M54) *SQRT(N54/L47)" giving 4.27, where cell M54 contains the degrees of freedom for the error mean square, cell N54 contains the error mean square, and cell L47 contains the number of observations in each of the group means. This implies that the average of the ranks for any two groups must differ by at least 4.27 to be significantly different. Hence, the control group is significantly less than Burn, and Burn and Seed groups. However, there is no significant difference between the Burn, and Burn and Seed groups because the difference between their mean ranks is less than the LSD value. The analysis also implies that there is a significant difference by rows (date). The p-value was 8.50E-07 (cell P52) showing storm (date) differences. 
